Neuromyelitis optica (NMO) is characterized by attacks of optic neuritis and longitudinally extensive transverse myelitis. Cases positive for aquaporin 4 antibodies are classified to NMO spectrum disorder (NMOSD) which includes cases with optic neuritis, transverse myelitis, or with brain lesions typical of NMO. Our three cases with NMO/NMOSD revealed five imaging features: (i) extensive transverse cord lesions, extending more than three vertebral segments, partially persisting as cavitation; (ii) periependymal lesions; (iii) lesions of the corticospinal tracts; (iv) extensive and confluent hemispheric white matter lesions reflecting vasogenic edema and partially involving the cerebral cortices and basal ganglia; and (v) two patterns of serial hemispheric white matter lesions: one is cavitation and another is partial regression or disappearance. Cavitations, in the upper spinal cord and hemispheric white matter, are considered to be caused by severe vasogenic edema and are likely to be one of the characteristic findings in NMOSD.
Introduction
Neuromyelitis optica (NMO) is characterized by severe optic neuritis and/or longitudinally extensive transverse myelitis (1) . Nearly 90% of patients with NMO are female and brain lesions that can be detected with magnetic resonance imaging (MRI) occur in 60% of patients with NMO (2) . NMO had been considered as a subtype of multiple sclerosis (MS). In 2005, it was proved that a disease-specific autoantibody, that is NMO-immunoglobulin G (NMO-IgG), binds selectively to aquaporin-4 (AQP4) (3) . This discovery distinguished NMO as a distinct disease from MS. AQP4 is a water channel protein in the central nervous system (CNS) and plays a major role in fluid homoeostasis of the CNS. AQP4 is mainly expressed on astrocytic foot processes at the blood-brain barrier and subpial and subependymal regions (4) . Histologically, severe injury of astrocytes is seen in NMO and demyelination is considered to be secondary change to astrocytes injury in NMO (5) . The criteria for a diagnosis of NMO require that the patient has both optic neuritis and transverse myelitis (6) . However, it has been found that anti-AQP4 antibodies can also be detected in patients with NMO-like symptoms that do not fulfill the criteria to be diagnosed NMO. NMO spectrum disorder (NMOSD), which was proposed in 2007, includes a proportion of patients with recurrent, isolated, longitudinally extensive myelitis or optic neuritis as well as patients with longitudinally extensive myelitis or optic neuritis associated with systemic autoimmune disease or with brain lesions typical of NMO (2) .
NMO/NMOSD are usually treated with steroid pulse therapy and plasma exchange therapy in the acute phase. Maintenance therapy is also required to avoid further attacks and it is based on low-dose steroids and non-specific immunosuppresive drugs like azathioprine. New therapy strategies using monoclonal antibodies like rituximab have been tested in NMO/ NMOSD. Both interferon beta-1a and fingolimod used in the treatment of MS, are ineffective in NMO/ NMOSD and these drugs may exacerbate the disease (7, 8) . MRI has an increasingly important role in differentiating NMOSD from other inflammatory disorders of the CNS, particularly from MS (9) . We present three cases of NMO/NMOSD and describe their clinical setting and imaging features with special attention to MRI.
Case reports Case 1
A 34-year-old woman presented with diplopia, visual disturbance, and gait impairment in 1995. The patient was diagnosed with MS and had received treatment in another hospital, but the details were unclear. She had pain, numbness, and paralysis in the entire left side of her body at 10, 11, and 12 years after the first onset. Steroid pulse therapy and therapy with intramuscular interferon beta-1a were performed. Ten years following the first onset, MRI images of the head showed signal changes in the right portion of the splenium. The lesion showed linear hyperintensity surrounding lateral ventricle on fluid attenuation inversion recovery (FLAIR) image and diffusion-weighted image and isointensity on apparent diffusion coefficient (ADC) map. No enhancement was seen there. The lesion disappeared on her follow-up MRI obtained 1 year later. She was diagnosed with an autoimmune hepatitis and Sjo¨gren's syndrome 12 years after the first onset. On T2-weighted (T2W) images obtained 13 years after the onset, lower cervical and upper thoracic cord lesions were seen, with swelling and contiguous hyperintensity, including more than five vertebral segments, although these lesions had almost subsided 15 years after the first onset ( Fig. 1a-c) . The cerebrospinal fluid (CSF) was negative for oligoclonal bands and showed a normal myelin basic protein level of 40.4 pg/mL (normal range, <102 pg/mL). The serum sample examined at 13 years after the onset was positive for anti-AQP4 antibody. She was diagnosed with NMO, considering her myelopathy and visual disturbance at the first onset. Steroid pulse therapy was performed. However, relapsing-remitting myelopathy was observed; and the myelopathy relapsed at 18 and 20 years after the first onset. T2W images obtained 18 years after the onset showed cord lesions without swelling but with contiguous hyperintensity which included almost the same segments as those 13 years after the onset (Fig. 1d) . Furthermore, T2W images obtained 20 years after the onset revealed the cord lesions with atrophy and with intermittent hyperintensity including almost the same segments as those obtained 13 years after the onset (Fig. 1e) . Currently, she is being treated with a combination of predonine (15 mg/day) and azathioprine (75 mg/day) as maintenance therapy.
Case 2
A 38-year-old woman presented with weakness of the left upper limb and dysarthria in 2011. FLAIR and T2W images showed hyperintensity lesions of the right corticospinal tracts, involving longitudinal fasciculs, cerebral peduncle, and internal capsule. No lesions were seen in the spinal cord and optic nerves. The CSF was negative for oligoclonal bands but showed an increased myelin basic protein level of 717.6 pg/mL. She was diagnosed with MS. Steroid pulse, plasma exchange, and intramuscular interferon beta-1a were given. Various relapsing remitting symptoms such as aphasia, nystagmus, recent memory disturbance, finger agnosia, dysphagia, cerebellar ataxia, truncal ataxia, and lower limb paralysis appeared. She switched from intramuscular interferon beta-1a to oral fingolimod 1 year and 5 months after the first onset. In spite of fingolimod treatment, various relapsing remitting symptoms occurred. The treatment with fingolimod was stopped after 3 months of treatment.
On follow-up T2W and FLAIR images, hyperintense periependymal lesions surrounding the fourth ventricle and lateral ventricles, and hyperintense lesions of the corticospinal tracts and of the hemispheric white matter were seen. Hemispheric white matter lesions showed extensive and/or confluent white matter lesions, partially involving cerebral gray matters (Fig. 2) . No enhancement was seen in those lesions. White matter lesions observed at acute manifestation showed serial two patterns: (i) hypointensity on diffusion-weighted images and hyperintensity on FLAIR images and ADC maps at acute manifestation (Fig. 3a-c) and cavitation on follow-up MRI (Fig. 3d-f) ; and (ii) hyperintensity on diffusion-weighted images and FLAIR images, and iso-to hyperintensity on ADC maps at acute manifestation (Fig. 4a-c) , and partial regression or disappearance on follow-up MRI (Fig. 4d-f) . The serum sample, examined at 1 year and 9 months after the first onset, was positive for anti-AQP4 antibody. She was diagnosed with NMOSD. Her various symptoms subsided with steroid pulse therapy and plasma exchange therapy. Currently, she receives a combination of predonine (15 mg/day) and azathioprine (75 mg/day) as maintenance therapy.
Case 3
A 59-year-old woman presented with diplopia and ocular motility dysfunction in 2015. T2W and FLAIR images showed periependymal high signal changes around the fourth ventricle and the left inferior horn of the lateral ventricle. No enhancement was seen in those lesions. After 2 weeks of treatment of acute ischemic stroke, paralysis on the left side of her face, ataxic paralysis of her left lower limb, and hypopallesthesia appeared. T2W images of the cervical and upper thoracic spine showed cord lesions with swelling as well as with contiguous hyperintensity, which included more than five vertebral segments. The lesions existed mainly at the central portion of the spinal cord (Fig. 5a, c, and d) . No enhancement was seen in the lesions. The CSF was negative for oligoclonal bands and showed an increased myelin basic protein level of 670.4 pg/mL. The serum sample was positive for anti-AQP4 antibody. No optic nerve lesions were detected on the MRI. She was given a diagnosis of NMOSD. Her symptoms subsided with steroid pulse therapy and plasma exchange therapy. On the follow-up brain MRI, no apparent change was seen in the periependymal lesions of the brain. T2W image of cervical and upper thoracic spine showed that the cord lesions had regressed yet still persisted. Also, cavitation was partially seen in the lesions (Fig. 5b, e, and f) . She now receives a combination of predonine (15 mg/day) and azathioprine (75 mg/day) as maintenance therapy.
Discussion
Spinal cord lesions in NMO/NMOSD frequently present in the cervical and upper thoracic spinal cord segments rather than in the lower thoracic and lumbar cord segments (10) . The most distinct manifestation of spinal cord lesions is longitudinally extensive transverse myelitis. The lesions, characterized by hyperintensity on T2W images and by hypointensity on T1-weighted (T1W) images, extend over three or more contiguous vertebral segments (2) . Also, the lesions mainly involve the central gray matter; AQP4 is abundant in the gray matter and in glial cell processes adjacent to the ependymal cells of the central canal of the spinal cord (11) . Pathologically, there are at least two types of acute NMO lesions (5, 12, 13) . The classic acute NMO lesion is characterized by perivascular demyelination, prominent infiltration of macrophages, severe axonal loss, necrosis of both the gray and white matter of the spinal cord, and pronounced loss of astrocytes, showing longitudinally extensive transverse myelitis. The second acute NMO lesion is characterized by non-demyelinated lesions with vacuolated myelin, given the potential for some NMO lesions to be reversible. Also, chronic NMO lesions are characterized by gliosis, cystic degeneration, cavitation, and atrophy of the spinal cord.
The cord lesions in cases 1 and 3, presenting in the cervical and upper thoracic spine, included more than five vertebral segments and were localized mainly at the central portion of the spinal cord, showing longitudinally extensive transverse myelitis. In both cases, most of the lesions regressed, but cavitation as chronic NMO lesions still persisted. In case 1, MRI evaluations of the spine were serially performed for 8 years. The T2 hyperintense lesions in the cervical and upper thoracic spinal cord relapsed and subsided within the area of the first attack and then sequentially atrophied. The recurrent and subsided T2 hyperintense lesions were considered to reflect edema. Furthermore, the atrophied cord lesions on the follow-up MRI were likely to reflect tissue rarefaction and neuronal loss as a result of intense edema associated with astrocytes injury. Frequent relapses at the same upper spinal cord area in patients with NMOSD were reported as seen in our cases (10, 14) . Cavitation and frequent relapses at the same upper spinal cord may be characteristic findings of cord lesions in NMOSD.
In our three cases, no apparent optic nerve lesions were detected on MRI. MRI studies have reported optic nerve sheath thickening, optic nerve hyperintensity on T2W images and gadolinium enhancement on T1W images in acute optic neuritis of NMOSD (15) . However, these findings also have been reported in optic neuritis of MS and are not considered diagnostic of NMOSD. Recently, the differential MRI findings of the optic nerve lesion between NMOSD and MS have been reported; more posterior involvement of the optic nerve, including chiasm and simultaneous bilateral disease, has also been observed in NMOSD (16, 17) . NMO brain lesions pathologically resemble NMO opticospinal lesions; NMO brain and opticospinal lesions are considered to have a shared pathogenesis (5) . Detection of brain lesions in NMOSD is based on hyperintensity on T2W or FLAIR images. The lesion is typically localized in the periependymal regions surrounding the lateral ventricles, the third ventricle, cerebral aqueduct, and the fourth ventricle, where AQP4 is highly expressed (4) . Also, other NMOSD-characteristic brain lesions involving corticospinal tracts and hemispheric white matters, where AQP4 expression is not particularly high, have been described (18) . Hemispheric white matter lesions include extensive and confluent hemispheric white matter lesions such as tumefactive (>3 cm in the longest diameter) lesions, long spindle-like or radial-shape lesions following white matter tracts. Occasionally, cerebral cortical involvement is also seen (19) . In all of our cases, periependymal lesions surrounding the lateral ventricles and/or the fourth ventricles were present. In case 2, corticospinal tracts lesions and various above-mentioned hemispheric white matter lesions were seen as well. Also, several hemispheric white matter lesions extended to adjacent basal ganglia or cerebral cortices.
There were no enhanced brain lesions in our three cases. Most brain lesions in patients with NMOSD are not enhanced, although enhanced brain lesions in patients with NMOSD can be seen during the course of the disease (19) . The enhancement of the brain lesions appears as a poorly marginated, subtle, and multiple patchy patterns, so-called ''cloud-like'' enhancement (20) , whose findings are considered to reflect vasogenic edema due to blood-brain barrier disruption.
Hemispheric white matter lesions serially often shrink or disappear, although they sometimes remain as cystic lesions (9, 19) , pathologically reflecting cystic degeneration and cavitation as chronic NMO lesions. These lesions may cause various symptoms such as hemiparesis, encephalopathy, and visual field defects depending on the area they involve (9, 19) . In case 2, cerebral white matter lesions obtained at acute manifestation showed two serial patterns: (i) hypointensity on diffusion-weighted images and hyperintensity on FLAIR images and ADC maps at acute manifestation, and cavitation on follow-up MRI (Fig. 3) ; and (ii) hyperintensity on diffusion-weighted and FLAIR images and iso-to hyperintensity on ADC maps at acute manifestation, and partial regression or disappearance on follow-up MRI (Fig. 4) . The former pattern is likely related to severe vasogenic edema which can cause severe neuronal loss and result in subsequent cavitation (21) . Therefore, this pattern, associated with severe vasogenic edema caused by severe injury of astrocytes, can result in cavitation that may have prognostic implications of the hemispheric white matter lesions in NMOSD.
In our cases, all cases were positive for anti-AQP4 antibody. Yet there are other cases that are clinically diagnosed with NMOSD and negative for anti-AQP4 antibodies, namely seronegative NMOSD. Approximately 10% of the patients with NMO and less than half of the patients with NMOSD are negative for anti-AQP4 antibody despite the use of the serum samples collected during an acute attack before any treatment. Also, patients with seronegative NMO/NMOSD tend to have different clinical features and different lesion distributions from patients with seropositive NMO/NMOSD (22) . Recently, anti-myelin oligodendrocyte glycoprotein (MOG) antibodies have been reported in patients with seronegative NMO (23) . Furthermore, there has been a report that patients with anti-MOG antibodies represented about 20% of patients with sereonegative NMO. Compared to patients with seropositive NMOSD, patients with anti-MOG antibodies were more often male, had more frequent bilateral simultaneous optic neuritis, had spinal cord lesions distributed in the lower portion of the spinal cord, and usually demonstrated better functional recovery after an attack (24) .
In conclusion, we present three cases of NMO/ NMOSD and describe their clinical setting and MRI features. Although many of the MRI lesions in NMO/NMOSD may be non-specific, their characteristic location and configuration are helpful in the diagnosis of NMO/NMOSD. Specifically, cavitations in the upper spinal cord and hemispheric white matter, are considered to be associated with severe vasogenic edema and are likely to be one of the characteristic findings in NMOSD.
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